SUMMARY The prognostic value of QRS score (Selvester), ST depression, ST elevation, extrasystoles, P terminal force in Vl, and QTc derived from the predischarge 12 lead electrocardiogram was assessed after myocardial infarction in 474 patients without intraventricular conduction defects, ventricular hypertrophy, or atrial fibrillation. The usefulness of these results in risk assessment was compared with that of other clinical data. During follow up 45 patients died. Logistic regression analysis showed that QRS score, ST depression, and QTc were independently predictive of cardiac mortality. When multivariate analysis was applied to clinical and electrocardiographic data together, however, the 12 lead electrocardiogram did not provide independent information additional to that provided by other routine clinical findings and laboratory tests such as a history of previous myocardial infarction, clinical signs of persistent heart failure, indication for digitalis or antiarrhythmic drugs at discharge, and enlarged heart on chest x ray.
Some tests of cardiac function (mainly related to the detection of myocardial ischaemia, the quality of left ventricular function, or the occurrence of ventricular arrhythmias) have been used to assess risk after myocardial infarction. It is apparent that there is considerable overlap in the information derived from these tests.' Furthermore, because many hospitals cannot provide all these tests, which are expensive and in some cases risky for the patient, it is important to know how to make the best possible use of standard clinical and laboratory tests in risk assessments.
The 12 10 arrhythmias,3 and electrical instability.4 5 The aim of this study was In the multivariate analysis the logistic regression model was used to predict mortality. Thus the objective was to find the combination of variables that most closely predicted mortality. As a general principle, we used indicator variables. These variables Table 3 gives the results of univariate analysis of the percentage mortality. Of the 12 lead electrocardiographic variables, QRS score and ST depression gave statistically significant risk ratios, while QTc and P terminal force in Vl were less predictive. Of the clinical variables, previous myocardial infarction, preinfarction angina, Killip class III or IV, late paroxysmal atrial tachycardia or fibrillation, late heart failure, heart rate > 75 beats/minute, cardiothoracic ratio > 50%, and pulmonary congestion on x ray were all associated with significant risk ratios. Of the drugs being taken at discharge, three reached significance-digitalis, diuretics, and antiarrhythmics. Table 4 (upper part) shows the results of stepwise logistic regression of one year mortality on variables in the 12 lead electrocardiogram. QRS score >5, presence of ST depression, and QTc > 440 ms were found to be of predictive value. In particular, the presence of a QRS score > 5 or of QTc > 440 ms was associated with a 1 8 fold increase in the patient's risk of dying within one year, and the presence of ST depression multiplied the risk by 2-2. Table 4 (lower part) summarises the logistic regression results for the clinical variables. The presence of previous myocardial infarction, late heart failure, indication for digitalis at discharge or a cardiothoracic ratio >50%, and an indication for antiarrhythmic drugs were all independently of predictive value. As there are three variables related to pump failure: clinical signs of late heart failure, use of digitalis, and cardiothoracic ratio > 50%, the construction of the model cannot be straightforward. The regression model assumes multiplicativity of the different factors. That is, if two factors are present, each with a relative risk of 3, then the combined relative risk will be 3 x 3 = 9. As the three variables above to a large extent measure the same phenomenon, the assumption of multiplicity must 309 group.bmj.com on January 28, 2018 -Published by http://heart.bmj.com/ Downloaded from Fioretti, Tijssen, Azar, Lazzeroni, Brower, ten Katen, Lubsen, Hugenholtz In this study we assessed the prognostic value of the predischarge 12 lead electrocardiogram, which is routine and not expensive, to establish whether it provides information that is additional to the known clinical information and tests.
PREDICTION OF MORTALITY BY MULTIVARIATE ANALYSIS
We believe that our study is the first in which a consecutive series of patients admitted to one coronary care unit was sufficiently large to allow a multivariate analysis based on predischarge clinical and electrocardiographic variables; in which patients at relatively low risk were studied (those with conduction defects, ventricular hypertrophy and atrial fibrillation were excluded); and which included, among other electrocardiographic variables, Selvester's QRS score8 which in the past few years has been increasingly used to assess the extent of myocardial damage and the prognosis. In other studies, however, its prognostic value was not compared by multivariate analysis with that of other electrocardiographic or clinical variables. A large study by the Coronary Drug Project Research Group also determined the relative prognostic value of clinical and electrocardiographic variables in patients after infarction.2 The conclusion of that study of 2035 patients followed for three years was that ST depression > 1 mm of the "ischaemic" type was the most important independent risk predictor of all the clinical and electrocardiographic findings studied, including Q waves, ventricular conduction defects, atrial fibrillation, and extrasystoles.
We confirmed that many electrocardiographic variables are predictive of survival (tables 3 and 4). The highest risk ratios for mortality (2-2) were ob-12 lead electrocardiogram after myocardial infarction tained for ST segment depression. These figures accord with those reported in the Coronary Drug Project Research study.2 We, however, did not confirm the predictive value of extrasystoles and of ST elevation. This difference may be attributable to the different populations in the two studies. Patients entered the Coronary Drug Project Research study later (at least three months after the most recent infarction) and patients with ventricular conduction defects and atrial fibrillation were included. Patients were followed for longer, up to three years, in the Coronary Drug Project Research study. We studied a consecutive series of patients evaluated at hospital discharge who did not have conduction abnormalities or atrial fibrillation; follow up lasted for a year. For hospital survivors of myocardial infarction the mortality is highest in the first three to six months.'
Unlike the present study early deaths were excluded from the Coronary Drug Project Research study.
In table 2 some predischarge variables of the 474 patients in the study group are compared with those of patients excluded from the study because of ventricular conduction defects, hypertrophy, or atrial fibrillation. These data clearly indicate that patients with normal QRS pattern had much less extensive myocardial damage. This is consistent with their lower mortality during follow up. The electrocardiogram is therefore helpful in distinguishing patients without signs of conduction disturbances, ventricular hypertrophy, or atrial fibrillation-a relatively low risk group-from those in whom at least one of the above conditions is present and in whom the risk of premature death is much higher.
The QRS score and, to a lesser extent, P terminal force in V1 and QTc were also predictive of mortality ( (table 2) ; and there was a corresponding increase in clinical signs of heart failure and a lower ejection fraction in these patients (table 2) .
Mortality was higher in patients with prolonged QTc: in a seven year follow up of 55 patients with a recent infarction Schwartz and Wolf found that a prolonged QTc (>440ms) measured during serial electrocardiographic measurements increased the risk of sudden death by a factor of 2-1.4 More recently, Ahnve et al confirmed that a prolonged QTc is predictive of premature death in patients after infarction.5 When they used a cut-off of 440ms they found that QTc gave a sensitivity of 77% and a specificity of 84%. They limited the study to patients not on medical treatment, which might influence the QTc interval.
In contrast with QRS score and P terminal force in VI, which are related to pathophysiological phenomena such as the extent of myocardial damage and left atrium overload, the findings for ST depression and QTc interval are difficult to interpret. Both were predictive of mortality in our study, in which the clinically prescribed medication was not discontinued. Medication is known to be one of the many factors that affects both variables.5
In multivariate analysis ST segment depression, QTc, and QRS score were the independent predictors of mortality (table 4) . Of the clinical features the most useful independent prognostic variables were persistent heart failure, a history of previous myocardial infarction, cardiomegaly on the chest x ray, and the use of digitalis and antiarrhythmics at discharge. These variables all relate directly or indirectly to poor ventricular function. Several clinical and electrocardiographic variables provided useful prognostic information. When multivariate analysis was applied to the combination of clinical and electrocardiographic variables, however, the inclusion of electrocardiographic variables did not improve the prognostic information derived from the clinical data.
We conclude that the predischarge electrocardiogram can provide important prognostic information about post-infarction patients without intraventricular conduction abnormalities, ventricular hypertrophy, or atrial fibrillation, in whom clinically prescribed medication has not been discontinued, and that persistent ST segment depression, the Selvester 
